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Abstract: 	 In an outcrop of loess-paleosol sequences over amphibolite, six soil profiles (Lois 1 to Lois 6) were sampled and analysed for 
pedological, mineralogical, and geochemical characteristics. A second outcrop (Lois 7) was investigated for soil micromorphology. 
Two soil profiles (Lois 1 and 2) have developed over amphibolites, two over an amphibolite/marble-body (Lois 5 and 6) and three 
polycyclic paleosol profiles with several fossil horizons have no visible underlying bedrock (Lois 3, 4 and 7). In the profiles Lois 1–4 
and Lois 7 intense carbonate illuviations occur. These high amounts of carbonate cannot result from recent pedogenesis, but are 
interpreted as being derived from carbonate-rich sediments (loess) overlying the present outcrop in the past which were eroded. 
Furthermore, a layer of calc-sinter was found in the profile Lois 2. It is assumed, that this sinter could come from the weathering of 
the marble which can be found in the profile Lois 6. The sinter layer seems to inhibit the exchange of chemical elements between 
rock and soil in the profiles Lois 1 and 2, which is emphasized by the geochemical results. The clay cutans on aggregates in the fossil 
horizons also indicate that the clay eluviation has already taken place in former periods. Furthermore, weakly developed stagnic 
properties can be found in the fossil horizons. The paleosol profiles show several polycyclic sedimentation stages and thus several 
generations of fossil horizons. The results of the soil micromorphological analysis allow for an age classification of the soil profiles 
in the “Red Outcrop” and can thus be placed in Middle to Lower Pleistocene or older.
 [bodenkundliche und geochemische untersuchungen am „Roten Aufschluss“ in Langenlois (Niederösterreich)]
Kurzfassung:		 In einem Aufschluss von Löss-Paläoboden-Sequenzen über Rehberger Amphibolit NW von Langenlois wurden sechs Bodenprofile 
(Lois 1 bis Lois 6) beprobt und pedologisch, mineralogisch und geochemisch analysiert. Am Profil Lois 7 wurden bodenmikromor-
phologische Untersuchungen durchgeführt. Zwei Bodenprofile (Lois 1 und 2) haben sich über Amphibolit entwickelt, zwei über 
einer Amphibolit/Marmor-Wechsellagerung (Lois 5 und 6) und drei Bodenprofile sind Sequenzen von polyzyklischen Paläoböden 
mit fossilen Bodenhorizonten ohne unterlagerndes kristallines Gestein (Lois 3, 4 und 7). In den Profilen Lois 1–4 und Lois 7 konnten 
intensive Karbonatanreicherungen beobachtet werden. Diese hohen Mengen an Karbonat können nicht Produkt einer rezenten Bo-
denbildung sein, sondern sprechen für eine Infiltration von ursprünglich das Profil überlagernden kalzitreichen Sedimenten (Löss), 
die erodiert wurden. Zudem wurde in Profil Lois 2 ein Kalksinter angetroffen. Dieser Kalksinter könnte aus der Verwitterung der 
im Profil Lois 6 aufgeschlossenen Marmorlagen stammen. Die Kalksinter-Schicht scheint die Stoffflüsse zwischen unterliegendem 
Gestein und Solum in den Profilen Lois 1 und 2 mehr oder weniger zu unterbinden, was auch durch die Ergebnisse der geochemi-
schen Analytik unterstrichen wird. 
 In den fossilen Horizonten wurden auch ältere Anzeichen von Tonverlagerung in Form von Tonkutanen über den Aggregaten und 
darüber hinaus leichte Pseudovergleyungserscheinungen angetroffen. Die mächtigen Profile ohne aufgeschlossenes Grundgebirge 
(Lois 3, 4 und 7) weisen mehrere polyzyklische Sedimentationsphasen und dadurch mehrere Generationen von fossilen Horizonten 
auf. Aufgrund der bodenmikromorphologischen Analyse können die Böden vom „Roten Aufschluss“ altersmäßig im unteren bis 
mittleren Pleistozän oder älter angesiedelt werden.
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1  Introduction
In the summer of 2007 a new vineyard was established NW 
of Langenlois at the so-called ‘Schenkenbichl-Hill’ (Fig. 1 and 
2, Coordinates: R: 49808, H: 5371937; Allotment 4975). The 
opportunity was taken to investigate an outcrop which is 
fresh and uncovered by vegetation in a geologically and his-
torically distinct and interesting landscape. At the U-shaped 
outcrop with a height up to 5 m, a loess/paleosol/colluvi-
um-sequence on a dome-shaped amphibolite with layers of 
marble was investigated. The loess/colluvium-sediments 
were deposited in the Early to Middle Pleistocene, according 
to the results of Smolíková, Havlíček, Holásek and Vachek, 
which are described in the chapter “Profile Lois 7”. However, 
a Pliocene age of the sediments cannot be excluded. Such 
very old pedocomplexes at the SE-margin of the Bohemian 
Massif and especially in the area around Krems and Langen-
lois were described several times (Fink et al. 1976; Havlíček 
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et al. 1998; Havlíček et al. 2005; Havlíček et al. 2006). Due 
to the position of the area in the triangle between the SE-
margin of the Bohemian Massif in the West, the river Dan-
ube in the South, and the river Kamp in the NE, these Lower 
Pleistocene to Pliocene sediments were protected from ero-
sion. Young aeolian sediments, which covered the Middle to 
Upper Pleistocene sediments, additionally contributed to re-
duce the erosion.
The sediments are known in this area, for example from 
the ‘Schießstätte’ in Krems (Fink et al. 1976; Kovanda et al. 
1995; Frank & Rabeder 1996b; Rabeder 1981), of the former 
brickyard ‘Hammerer’ in Langenlois (Fink et al. 1976; Jabu-
rová 2009) or from outcrops in the hollow ways around 
Langenlois (Havlíček & Holásek 1998; Smolíková 1997, 
1998;  Havlíček et al. 2005; Smolíková & Havlíček 2007; 
Jaburová 2009). The sediments of the “Red Outcrop” are also 
comparable to the Plio-Pleistocene sediments of Stranzen-
dorf (Fink et al. 1976; Kovanda et al. 1995; Frank & Rab-
eder 1996b; Döppes & Rabeder 1997; Rabeder 1981) or to 
soil sediments of the Middle Pleistocene in Neudegg (Frank 
& Rabeder 1996a; Döppes & Rabeder 1997; Havlíček et al. 
2004). 
According to Fuchs et al. (1984), the amphibolite on the 
Schenkenbichl-Hill belongs to the ‘Rehberg-Formation’. The 
amphibolites are predominantly layered amphibolites, some-
times also gabbro-amphibolites, and locally associated with 
serpentinite and marble. The amphibolites occur in the shape 
of elongated bodies in the area around Langenlois, which is 
dominated by paragneisses. The petrology and geochemistry 
of the ‘Rehberg’-amphibolite was thoroughly investigated in 
the doctoral thesis of Hödl (1985). The petrographic descrip-
tion of the ‘Rehberg’-amphibolites can be found in Matura 
(1989). Höck (in Steininger 1999) points to the comparabil-
ity of the sequence to ophiolites, which can be regarded as 
remains of the oceanic crust. In the ‘Red Outcrop’, no mac-
roscopically visible fossils could be found in the examined 
profiles, therefore there was no further investigation in this 
respect.
In this study, the reconstruction of the landscape’s history 
and the single pedogenetic processes in the outcrop was car-




Seven profiles (Lois 1–7) were investigated (Fig. 1):
Lois	1 and Lois	2 on weathered amphibolite 
Lois	3 and 4 in the loess/paleosol/colluvium-sequence 
Lois	5 in a disturbed soil on amphibolite/marble with back-



























Fig. 1: Location of the outcrop (red circle) on a detail of the topographic map 1:50000 (© BEV – 2008, reproduced with permission of the BEV – Bundesamt 
für Eich- und Vermessungswesen Vienna, T2008/51914.), Overview of the outcrop with the sampled profiles Lois 1 to 7 and ground plot with coordinates 
(MGI_Austria_GK_M34; Projection: Transverse_Mercator) and positions of the profiles.
Abb. 1: Lage des Aufschlusses (roter Kreis) auf einem Ausschnitt der topographischen Karte 1:50000 (© BEV – 2008, Vervielfältigt mit Genehmigung des  
BEV – Bundesamtes für Eich- und Vermessungswesen in Wien, T2008/51914.), Übersicht über den Aufschluss mit den aufgenommenen Profilen Lois 1 bis 
Lois 7 und Grundriss und Koordinaten (BMN M34) des Aufschlusses und Positionen der aufgenommenen Profile.
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Lois	6 on weathered amphibolite/marble, partially disturbed 
with backfill material on top 
The profiles Lois 1–6 were pedogenetically described and 
composite samples (ca. 1 kg) were taken from the genetical 
horizons. Two samples per horizon were taken from layers 
with a depth of more than 50 cm. 
The profile Lois	7 has to be considered separately, since it 
was sampled only for the analysis of soil micromorphology 
and climatic stratigraphy. The laboratory analyses, which 
are described in the following, therefore refer only to the 




Half of the samples were dried at 40 °C until constant weight, 
in order to simulate air drying. The other samples were 
stored cool and dark as retain samples. The dried samples 
were sieved to 2 mm to obtain the fine soil fraction. A rep-
resentative portion of each sample was milled in a Netzsch-
agate mortar.
Dry weight and loss on ignition
The samples were dried/heated at 105, 430 and 1000 °C. Af-
ter each drying/heating step the loss on drying/ignition was 
calculated.
Particle size analysis after wet sieving
100 g of the air-dried samples were wet-sieved with mesh-
sizes 2000, 1000, 500, 250, 125, 63 and 32 µm. The particle size 
distribution of the fraction < 32 µm was determined with a 
sedigraph (Micromeritics, Sedigraph 5100 ET).
pH in H2O and CaCl2 
The determination of the pH-values was carried out accord-
ing to the Austrian Standard (ÖNORM) L 1083 (ON 2006).
C/S-Analysis (LECO)
For each sample, 2 x 200 mg milled powder was weighed in 
tempered LECO-crucibles. The contents of Ctot and Stot was 
determined in a LECO 200IS.
Content of organic matter
For each sample, 2 x 500 mg milled powder was weighed in 
tempered LECO-crucibles and wetted with H2O deion. 3 x 2 
M HCl were then percolated through the samples in order to 
dissolve the carbonate (Canorg). In the next step, the samples 
were rinsed 10 times with H2O deion. to remove the free Cl-
-ions, since they interfere with the analysis. The Corg-content 
of the samples was measured in a LECO 200IS. The content 
of Canorg was calculated by subtraction of the measured con-
tents of organic carbon from the measured content of total 
carbon (Ctot – Corg). The analyses were carried out on two 
replicate samples.
Pedogenic oxides in dithionite and oxalate extract
The dithionite-extraction was carried out at room temper-
ature according to the method of Holmgren (1967). The 
oxalate extraction was carried out according to the methods 
of Tamm (1932) and Schwertmann (1964).
Total mineral content
The mineral phases were determined qualitatively and semi-
quantitatively by X-ray diffraction in a Philips-XPert MPD 
Vertical Goniometer PW 3050 with the following measur-
ing conditions: Measuring angle 2°– 65° 2 Θ, Cu-Kα-ceramic 
tube, automatic equatorial divergence, receiving slit 0.3 mm, 
continuous scan, step size 0.02°, 40 kV, 40 mA, measuring 
time 1 s/step, measuring program X’Pert Data Collector. The 
peak areas of the main reflections were determined with the 
X’pert-Data Viewer-Programme. Afterwards, the mineralog-
ical composition of the samples was determined according to 
the method of Schultz (1964) with correction factors.
Clay mineral analysis (fraction < 2 µm)
The samples were dispersed with 15 % H2O2. After the reac-
tion reached its equilibrium, the excess H2O2 was removed 
and the samples were treated in an ultrasonic bath for 15 
minutes. The 2 µm-fraction was separated by centrifugation. 
Afterwards, 400 ml of the clay suspension of each sample was 
mixed with 100 ml 4 N KCl-solution or 4 N MgCl2-solution, 
respectively, and shaken in a horizontal shaker for 24 h. The 
samples were prepared using the suction-on-ceramic-plate 
method. After X-ray diffraction, the K- and Mg-treated sam-
ples were treated with ethylene glycol and measured again. 
The Mg-treated samples were treated afterwards with glyc-
erine for the distinction between smectite and vermiculite. 
The K-treated samples were treated with DMSO (Dimethyl 
sulfoxide) for the distinction between chlorite and kaolinite. 
Finally, the Mg-treated samples were tempered at 300°C und 
afterwards at 550° for 2 h for the determination of primary 

























Fig. 2: Location of the outcrop (red circle) on a detail of the geological map 
1:50000, Sheet 38 – Krems (Fuchs et al. 1984).
Abb. 2: Lage des Aufschlusses (roter Kreis) auf einem Ausschnitt der geolo-
gischen Karte 1:50000, Blatt 38 – Krems (Fuchs et al., 1984).
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and secondary chlorite. The X-ray diffractometry for the clay 
samples was carried out in the same manner as for the total 
mineral composition. The correction factors were taken from 
Riedmüller (1978).
Determination of major and trace elements
4 g of the milled samples was mixed with 0.9 g wax (Merck, 
Hoechst Wax C Micropowder) in a planetary mill (Retsch 
MM200). The tablets were pressed with a Specac press. The 
analysis of major and trace elements was carried out by X-
ray fluorescence (XRF) in a Spectro XLAB 2000.
Scanning electron microscopy (SEM) and microanalysis 
(EDX)
The SEM-analyses of the rock samples were carried out after 
C-sputtering on a Vega Tescan (CamScan, USA). The image 
capturing was carried out with the digital image capturing 
system analySIS (Soft Imaging Systems). The energy disper-
sive X-ray analysis (EDX) was carried out on a Link ISIS 
200/300 (Oxford Instruments).
Soil micromorphological examinations on soil thin sections
The soil micromorphological analyses and description were 
carried out by Libuše Smolíková of the Karls-University in 
Prague.
Soil systematics
The determination of the soil types and their genetic hori-
zons was carried out according to the Austrian Soil Clas-
sification System (Nestroy et al. 2000). However, in Table 1, 
there is a reference to the corresponding soil types accord-
ing to World Reference Base for Soil Resources (WRB; IUSS 
Working Group WRB, 2006).
3  Results
The results of soil systematics, chemistry and physics, the 
mineralogical and geochemical analyses of the profiles 
Lois 1 to Lois 6, as well as the soil micromorphological anal-
yses of Lois 7, are now shown and discussed. The chapters 
are divided into the sections ‘Soil physical and chemical pa-
rameters’, ‘Mineralogy’ and ‘Geochemistry’ for each profile. 
The soil micromorphological analyses of profile Lois 7 are 
discussed separately. 
In Table 1 the soil descriptions as well as the most im-
portant soil chemical and physical parameters of the profiles 
Lois 1 to 6 are shown. 
 
Profile	Lois	1
Soil physical and chemical parameters
The examination of the chemical parameters of profile Lois 
1 show that the pH-values in the whole profiles show no 
dynamics at all, with values between 7.2 and 7.5. The con-
tent of organic C is very low and decreases from 0.74 % in 
the uppermost (Ap-)horizon to 0.21 % in the lowermost (C-)
horizon (Tab. 1). The pedogenic oxides decrease as well from 
top to bottom. The share of the pedogenic Fe compared to 
total Fe decreases from 7 to 4 %. The share of amorphous (ac-
tive) Fe is low, which is a sign of low pedogenetical activity 
(Tab. 2). The texture of Lois 1 is relatively uniform through-
out the profile. The gravel content (> 2 mm) is between 19 
and 30 %, the sand content increases from 34 to up to 49 % 
through the soil profile. The silt and clay contents decrease 
from top to bottom (silt from 24 to 17 %, clay from 15 to 5 %) 
(Tab. 1). The soil texture of profile Lois 1 is loamy sand to 
sandy loam. The soil profile shows no significant dynamic 
behaviour and slow pedogenetical processes.
Mineralogy
The thin section of the rock sample (240 cm) shows that the 
amphibolite is very rich in hornblende with plagioclase and 
quartz as accessories. The quartz primarily occurs in lens-
es, which is typical for the ‘Rehberg’-amphibolite. Chlo-
rite could be identified as accessory by XRD. In the sample 
G1/2 (382 cm), the amphibolite shows alternate layering of 
finer and coarser grains. The feldspar occurs in small crys-
tals. Clinozoisite, rutile and titanite as well as a chlorite vein 
could also be identified. The rock sample G1/3 (440 cm) is sig-
nificantly coarser than the other two rock samples with paler 
amphiboles. The thin section also shows clinopyroxene and 
garnet. In addition, zoisite and chlorite could be identified as 
accessories by XRD. 
The mineralogical analyses of the soil samples of profile 
Lois 1 show a predominance of quartz, calcite and horn-
blende (Tab. 3). The quartz content decreases from 26 to 3 % 
from top to bottom. Calcite shows a reverse behaviour. The 
content of hornblende is very constant throughout the soil 
profile (18–34 %). The feldspars are dominated by plagioclase 
with contents between 11–14 %. The sheet silicate content is 
low (up to 10 % in the Ap-horizon). Noticeable is the high 
content of calcite in the soil profile. The calcite covers the 
solum as well as the amphibolite and occurs as a thick, pure-
ly white crust which can be easily removed by hand from the 
fresh and only slightly weathered amphibolites. The, in plac-
es, intense carbonate enrichment can also be observed in the 
other soil profiles. These high amounts of carbonate cannot 
be derived from recent pedogenetical processes, but suggest 
an infiltration from eroded calcite-rich sediments (loess), 
which originally overlaid the soil profile. Furthermore, an 
occurrence of calc-sinter was found in profile Lois 2. This 
calc-sinter could be a weathering product from the marble of 
profile Lois 6. This hypothesis is also supported by the mor-
phology of the outcrop. The outcrop slightly descends from 
the western flank (profiles Lois 5 and 6) towards the other 
soil profiles. Therefore, it is possible that weathering-induced 
calcite-rich solutions ran off laterally and then precipitated 
in the form of calc-sinter in the profiles on the northern and 
eastern flank of the outcrop (Lois 1–4). However, it is pos-
sible that both processes – decalcification of superimposed 
loess and precipitation of calcite-rich weathering products 
– were active in the ‘Red Outcrop’. The calc-sinter layer ap-
parently hinders material flows between the host rock and 
the solum, which is supported by the geochemical analyses.
The clay mineral composition is dominated by smectite 
with contents between 49 % in the uppermost horizon to 
65 % in the lowermost horizon (Tab. 3). Illite shows a re-
verse distribution with 31 % in the uppermost and 12 % in 
the lowermost horizon. Kaolinite and chlorite occur only in 
small amounts (maximum contents: kaolinite 15 %, chlorite 
16 %), whereas the chlorite only occurs as primary (detritary) 
chlorite.






















































































































































































































































































































































Lois 4 Lois 4/1
Lois 4/2
Lois 4/3














2,3 10,1 25,0 62,6 7,4 0,257,8














sab, gr a, s R2
24,7 38,7 23,6 13,0 7,5 0,52
0 - 15










19,7 36,2 24,7 19,4 7,2 0,737,5
42,9 30,3 11,6 15,2 7,3 0,187,8
Lois 5/4












































































































7,5YR/4/6 5YR/5/6 30,5 28,5 17,6 23,5 7,5 0,117,9
Y
Structure:  sab = subangular blocky, ab = angular blocky, gr = granular, sg = single grain structure
Distinctness and topography of horizon boundaries:  a = abrupt, g = gradual, s = smooth, w = wavy
Roots:  R0 = none, R1 = few, R2 = moderate, R3 = many
























t Fe /Fed t Fe /Feo d
Ap - 40 cm
BwCv - 70 cm
Cv - 120 cm
C - 140 cm
Ap - 25 cm
Brel1 - 100 cm
Brel1 - 170 cm
Brel2 - 220 cm
BrelCv - 270 cm
BrelCv - 310 cm
Ap - 30 cm
Bh - 60 cm
B(t) - 90 cm
B(t) - 120 cm
Brel1 - 150 cm
Brel1 - 190 cm
Brel2 - 240 cm
Brel2 - 290 cm
Brel3 - 409 cm
Brel4 - 460 cm
Ap - 20 cm
Brel1 - 90 cm
Brel2 - 140 cm
Lois 5 Y - +30 - 0 cm
Ap - 15 cm
BrelCv1 - 120 cm
BrelCv2 - 200 cm
Y - +250 - 150 cm
YCv - +150 - 0 cm
Cv1 - 40 cm
Cv2 - 80 cm
Cv3 - 130 cm
Cv4 - 230 cm




















































































































































































































































































































According to Austrian Soil Classification System
Table 1: Soil description and most important soil chemical and physical parameters of profiles Lois 1 to Lois 6.
Tab. 1: Ergebnisse der Bodenbeschreibung sowie der wichtigsten bodenchemischen und -physikalischen Parameter der Profile Lois 1 bis 6.
Table 2: Dithionite- and oxalate extractable fraction of the pedogenic oxides of profiles Lois 1 to 6. 
Tab. 2: Dithionit- und oxalatlösliche Fraktion der pedogenen Oxide der Profile Lois 1 bis 6.








Ap - 40 cm
BwCv - 70 cm
Cv - 120 cm
C - 140 cm
G 1/1 - 240 cm
G 1/2 - 382 cm
G 1/3 - 440 cm
Ap - 25 cm
Brel1 - 100 cm
Brel1 - 170 cm
Brel2 - 220 cm
BrelCv - 270 cm
BrelCv - 310 cm
G 2/1 - 280 cm
G 2/2 - 382 cm
Ap - 30 cm
Bh - 60 cm
B(t) - 90 cm
B(t) - 120 cm
Brel1 - 150 cm
Brel1 - 190 cm
Brel2 - 240 cm
Brel2 - 290 cm
Brel3 - 409 cm
Brel4 - 460 cm
Ap - 20 cm
Brel1 - 90 cm
Brel2 - 140 cm
Lois 5 Y - +30 - 0 cm
Ap - 15 cm
BrelCv1 - 120 cm
BrelCv2 - 200 cm
Y - +250 - 150 cm
YCv - +150 - 0 cm
Cv1 - 40 cm
Cv2 - 80 cm
Cv3 - 130 cm
Cv4 - 230 cm
Cv5 - 400 cm
G 6/1 - 330 cm
Soil mineralogical composition Clay minerals in the < 2 m
Qu K-Fsp Plag Calc Sh.si. Hbl Acc
Zoi, Chl, Rut, Tit
Zoi, Chl, Pyx, Gr










































Qu K-Fsp lag Kalz Sh.si Hbl
Akc Chl Gr Pyx Rut Tit Zoi
Verm Smek Kao Chl
= Quartz, = Kali Feldspar, P = Plagioclase, = Calzite, = Sheet silicate, = Hornblende,
= Akcessories, = Chlorite, = Garnet, = Pyroxene, = Rutile, = Titanite, = Zoisite



















































































































































































































































































































































































Zoi, Chl, Gr, Tit
Hbl
1








Ap - 40 cm
BwCv - 70 cm
Cv - 120 cm
C - 140 cm
G 1/1 - 240 cm
G 1/2 - 382 cm
G 1/3 - 440 cm
Ap - 25 cm
Brel1 - 100 cm
Brel1 - 170 cm
Brel2 - 220 cm
BrelCv - 270 cm
BrelCv - 310 cm
G 2/1 - 280 cm
G 2/2 - 382 cm
Ap - 30 cm
Bh - 60 cm
B(t) - 90 cm
B(t) - 120 cm
Brel1 - 150 cm
Brel1 - 190 cm
Brel2 - 240 cm
Brel2 - 290 cm
Brel3 - 409 cm
Brel4 - 460 cm
Ap - 20 cm
Brel1 - 90 cm
Brel2 - 140 cm
Lois 5 Y - +30 - 0 cm
Ap - 15 cm
BrelCv1 - 120 cm
BrelCv2 - 200 cm
Y - +250 - 150 cm
YCv - +150 - 0 cm
Cv1 - 40 cm
Cv2 - 80 cm
Cv3 - 130 cm
Cv4 - 230 cm
Cv5 - 400 cm



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































According to Austrian Soil Classification System
LOI = Loss on ignition (1000° C)
2
Table 3: Soil mineralogical and clay min-
eralogical composition of the rock and soil 
samples of the profiles Lois 1 to 6 in %.
Tab. 3: Gesamt- und tonmineralogische 
Zusammensetzung der Gesteins- und Bod-
enproben der Profile Lois 1 bis 6 in %.
 
Table 4: Major and trace elements in the soil profiles and the sampled rocks of the profiles Lois 1 to 6 in % (major elements) and ppm (trace elements); 
(H2O- = loss on drying at 105 °C; H2O+ = LOI-H2O--CO2-Hydroxide-Phosphate-Sulfide).
Tab 4: Gehalt an Haupt- und Spurenelementen in den Horizonten und den entnommenen Gesteinen der Profile Lois 1 bis 6 in % (Hauptelemente) und 
ppm (Spurenelemente); (H2O- = Trocknungsverlust bei 105 °C; H2O+ = GV-H2O--CO2-Hydroxide-Phosphate-Sulfide).
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Geochemistry
In the doctoral thesis of Hödl (1985), seven samples of ‘Reh-
berg’-amphibolite (loc. typ.) were examined by microanaly-
sis. The contents in the rock sample of Lois 1 are in good 
accordance with the reported contents of major elements, 
where the trace elements show some deviations. The high-
er values of Cr, Cu, Ni and Sr of the Lois 1 samples, how-
ever, agree with the contents of the amphibolites from the 
‘Buschandlwandzug’, which are also published as well in the 
dissertation of Hödl (1985) (Tab. 4). The elevated contents of 
K, P, and Cu in the uppermost (Ap-)horizon of profile Lois 1 
are a consequence of the agricultural use (Tab. 4). The Ca-
contents reflect the high amounts of calcite. The results of 
the geochemical analyses emphasize the missing flows be-
tween rock and soil, which may be due to the c alc-sinter 
layer, as discussed in the Mineralogy section. 
Profile	Lois	2
Soil physical and chemical parameters
The examination of the chemical parameters of profile 
Lois 2 showed that the pH-value shows no dynamic be-
haviour (comparable to profile Lois 1) with values between 
7.2 and 7.7 (Tab. 1). The content of organic C is very low, 
with 0.91 % in the uppermost (Ap-)horizon, which then de-
creases sharply to 0.22 % in the Brel1-horizon and reaches 
its minimum of 0.12 % in the lowermost (BrelCv)-horizon. 
In the Brel2-horizon (170–220 cm), the dithionite-extractable 
Fe-oxides reach their maximum, but still are in a very low 
range (Tab. 2). The share of amorphous (active) Fe is small, 
which is due to a low pedogenetical activity, which is similar 
to profile Lois 1. The particle size analysis reveals distinct 
relocation dynamics in the sediments. The gravel content is 
25 % in the uppermost horizon (Ap), decreases to 4–11 % in 
the fossil horizons and increases again in the BrelCv-hori-
zons to 14 and 24 %, respectively. The sand fraction shows 
a similar distribution pattern. Silt is slightly enriched in the 
Brel1-horizon with a content of 33 %, whereas it is between 
19 and 25 % in the other horizons. The clay fraction shows 
the strongest dynamical behaviour with clear illuvation fea-
tures in the lower horizons. In the Ap-horizon the clay con-
tent is 20 %, increasing to 43–48 % in the Brel1-, Brel2-, and 
the upper part of the BrelCv-horizon. In the lower part of 
the BrelCv-horizon the clay content decreases again to 16 % 
(Tab. 1). The soil texture of profile Lois 2 is loam in the up-
permost horizon Ap, and in the lower horizons loamy clay 
to clay. Detailed investigations of profile Lois 2 can be taken 
from Haslinger & Heinrich (2008). 
Profile Lois 2 shows no dynamic and active pedogenetical 
processes. However, the intense clay illuviation in the fossil 
horizons, particularly the Brel2-horizon, is noticeable. 
Mineralogy
The rock sample G2/1 (BrelCv, 280 cm) corresponds to the 
‘Rehberg’-amphibolite with regard to mineralogy. However, 
the sample G2/1 sample shows a strong alternate layering, 
which is in contrast to the amphibolites of Lois 1. The lay-
ers which merely contain amphiboles are often very coarse, 
whereas the layers which contain amphibole, feldspar and 
clinozoisite are very fine-grained. The sample of G2/2 (Brel-
Cv, 380 cm), is very fine grained and predominated by car-
bonate in primarily dense layers or as framboidal compo-
nents. Apart from carbonate, quartz, and feldspar; lithic 
fragments of amphibolite could be found. From the analysis 
of the thin section it can be concluded that this sample is 
a calc-sinter. As discussed in the chapter of Profile Lois 1, 
this calc-sinter could be a product of decalcification of loess 
or a weathering product of the marble on the western flank 
(profiles Lois 5 and 6) of the outcrop, or both. The mineral 
and lithic fragments of plagioclase and amphibole as well 
as the alternate layering of carbonate and silicate are a sign 
that detritus from the weathering of the amphibolite was de-
posited on top of the calc-sinter in colder periods (winter), 
subsequently followed by a mobilisation of carbonate-rich 
fluids from the marble in warmer periods (spring), which has 
lead to a precipitation of the calc-sinter in the profiles on the 
northern flank (profiles Lois 1 and 2), and to the intense car-
bonate illuviation in profiles Lois 1–4 and 7. 
The thin section photographs of the rock samples of pro-
file Lois 2 can be taken from Haslinger & Heinrich (2008). 
 The mineralogical composition of the soil horizons of 
profile Lois 2 shows a predominance of quartz, calcite and 
sheet silicates (Tab. 3). The quartz content is relatively sta-
ble (22–32 %) down to a depth of 270 cm below surface 
and decreases strongly in the lower part of the BrelCv-ho-
rizon (7 %). Calcite can be found primarily in the upper-
most 170 cm and shows a strong decrease below the Brel2-
horizon (220 cm) to 6–13 %. The sheet silicate content has 
an inverse distribution pattern. In the upper part of the pro-
file (down to Brel1) the sheet silicates occur in moderate 
amounts (up to 21 %), whereas they increase significantly 
below the Brel2-horizon with contents of up to 56 %.
As in profile Lois 1 it could be observed that the influence 
of the host rock amphibolite is rather low. The calc-sinter ap-
parently seals the contact between rock and solum. This fact 
is emphasized by the complete absence of chlorite in the low-
er horizons of Lois 2. If the weathering of the amphibolite 
played a role for the pedogenesis of the lowermost horizons, 
the chlorite content would be significantly higher or at least 
not lower than in the upper parts of the profile.
The clay mineralogical composition is dominated by 
smectite and illite. They show the same distribution pattern 
as in profile Lois 1 – from top to bottom the smectite in-
creases and the illite decreases. Smectite occurs mainly in 
the classical low-charged form, which is demonstrated by 
the contraction of the 14 Å-peak to approximately 12 Å up-
on K-saturation (and not to 10 Å which would be typical 
for vermiculite). Kaolinite and chlorite occur only in minor 
amounts; vermiculite is missing almost entirely. The slight-
ly increased content of (detrital) chlorite in the Ap-horizon 
points to an aeolian nature of the chlorite. Additionally, be-
low the second horizon (Brel1, lower part) mixed-layer clay 
minerals occur at peaks between 30 and 34 Å, which empha-
size the stronger weathering intensity in the fossil horizons. 
The calcite enrichment in the soil profiles down to the Brel1-
horizon (170 cm) is due to the presence of the calc-sinter 
(rock sample G2/2), which is a product of the weathering of 
the marble on the western flank or from formerly superim-
posed carbonate-rich sediments (loess), respectively, as dis-
cussed above.
142 e&g / Vol. 58 / no. 2 / 2009 / 135-147 / doi 10.3285/eg.58.2.02 / © Authors / creative commons Attribution License
Geochemistry
The geochemical analyses of soil profile Lois 2 show simi-
lar contents and lack of soil dynamics, as in profile Lois 1. 
The influence of the agricultural use is only visible in the 
elevated Cu-values in the Ap-horizon; the K- and P-contents 
are not higher, unlike in profile Lois 1 (Tab. 4). The most im-
portant difference is the occurrence of the sinter-like rock 
(G 2/2). However, the Sr-contents in the amphibolite (G 2/1) 
are exceptionally high. Such high Sr-values are not reported 
in the doctoral thesis of Hödl (1985). An examination with 
SEM and microanalysis showed that the Sr does not come 
from the rock, but from the carbonate crust, which covers the 
amphibolite. Calcite (and especially its rhombic modification 
aragonite) is a known trap for Sr, where the Ca is substituted 
by the Sr. 
Profile	Lois	3
Soil physical and chemical parameters
As in the other two profiles, the pH-values are relatively 
constant. However, in the lower part of the B(t)-horizon 
(from 90 cm) the pH-value increases to over 8 (Tab. 1). The 
Corg-content is only slightly elevated in the uppermost (Ap-)
horizon and decreases strongly in the Bh-horizon (0.6 %) and 
even more in the B(t)- and Brel-horizons (0.1 and 0.3 %). The 
pedogenic oxides are slightly higher than in the other two 
profiles, primarily in the fossil horizons (Tab. 2).
From the particle size distribution it can be seen that 
profile Lois 3 is high in clay content. Due to ploughing, the 
Ap-horizon shows a homogeneous mixture of sand, silt, and 
clay, with a gravel content of about 10 %. The lower hori-
zons (Bh to Brel3) have a significantly higher clay content 
(between 41 and 57 %); the silt contents are between 32 and 
39 %. Sand occurs only in minor amounts between 10 and 
21 %. A sharp change of texture can be observed in the Brel3-
horizon. This is due to the higher sand and gravel content (25 
and 24 %) and a lower silt and clay content at 15 and 37 %, 
respectively. In the lowermost horizon (Brel 4), the texture 
changes again and the clay content reaches its maximum of 
81 % (Tab. 1). The soil texture in the uppermost horizon (Ap) 
is sandy loam and loamy clay to clay in the lower horizons. 
Detailed descriptions of profile Lois 3 can be taken from 
Haslinger & Heinrich (2008). 
Mineralogy
The mineralogical composition of the soil samples in the ho-
rizons Ap to Brel3 of profile Lois 3 is dominated by quartz 
(34–51 %) and sheet silicates (21–50 %) (Tab. 3). In the Brel4-
horizon the quartz content decreases sharply to 17 %, where-
as the content of sheet silicates shows a sharp increase to 
80 %, which is in good agreement with the results of the 
particle size analysis (clay content 81 %). The proportion of 
calcite is varying in the profile, with higher contents in the 
Brel1- and Brel3-horizon (17 and 32 %). The contents of feld-
spar and hornblende are very low. 
The clay mineralogical analyses show a predominance 
of smectite, illite and kaolinite. Vermiculite and chlorite can 
only be observed in traces. In comparison to profile Lois 2, 
the kaolinite content is higher, which can be a result of the 
longer weathering processes the fossil horizons have under-
gone or from aeolian processes, where it is a product of the 
weathering of feldspar from the amphibolite or the granites 
and gneisses of the Bohemian Massif. However, the longer 
weathering processes are also evident from the broader il-
lite-peaks (10 Å).
Geochemistry
The distribution patterns of both the major and trace ele-
ments of the soil samples of profile Lois 3 are relatively 
constant over the whole profile and show no dynamical be-
haviour (Tab. 4). As in the other profiles, the Ap-horizon is 
enriched in P, S and Cu due to fertilization and phytosani-
tary measures. The only noticeable enrichment is that of Zr, 
which reflects the stro nger weathering processes the sedi-
ments in this profile have undergone.
Parallels between the profiles Lois 3 and Lois 7 will be dis-
cussed in the chapter of the soil micromorphological results 
of the neighbouring profile Lois 7.
Profile	Lois	4
 
Soil physical and chemical parameters
The particle size distribution of profile Lois 4 shows a rela-
tively homogeneous mixture, similar to profile Lois 3. The 
horizon Brel1 of Lois 4 corresponds to Brel2 of Lois 3; and 
Brel2 of Lois 4 corresponds to Brel3 of Lois 3, which is em-
phasized by the similar grain size distributions in these two 
profiles. However, the gravel content in the Brel2-horizon is 
lower than in the Brel3-horizon of Lois 3. The gravel enrich-
ment however seems to be only a local phenomenon (Tab. 1). 
The soil texture of the Ap-horizon is loam and in the low-
er parts of the profile loamy clay to clay. The Brel1-horizon 
shows a strong enrichment in Fe-oxides, resulting in an in-
tense red colouration (Tab. 2).
Mineralogy
Profile Lois 4 is dominated by quartz – especially in the 
Brel2-horizon – and sheet silicates (Tab. 3). The calcite con-
tent is surprisingly low given that the entire Brel2-horizon is 
covered by secondary carbonates. Apparently, the carbonate 
illuviation is not sufficient to significantly raise the propor-
tion of calcite. In the Brel1-horizon illuviation of secondary 
carbonates occurs additionally on the surface of the aggre-
gates and in the vertical and horizontal fissures and cracks. 
However, there is no significant increase in the calcite con-
tent. The quartz content is exceptionally high in the lower-
most Brel2-horizon (62 %). Elevated quartz contents could 
also be observed in the profile Lois 3, whereas in this profile 
the quartz content does not exceed 51 %. The quartz cannot 
be a product of the underlying host rock alone, since the am-
phibolites contain only small amounts of quartz. Therefore, 
the quartz must also have a different source. Either it was 
blown in by wind from near loess deposits, or it was flushed 
in with sandy, Neogene material. In the area around Langen-
lois, deposits of quartz-rich Upper Miocene (‘Pannonium’) 
sediments, gravelly-sandy sediments of the so-called ‘Hol-
labrunn-Mistelbach-Formation’, and Middle Miocene (‘Bad-
enium’) interbedded strata of conglomerate-marl-sand of 
the so-called ‘Hollenburg-Karlstetten-Formation’ are known 
(Roetzel 2002). These three sediment types possibly could 
have formed the basis of the profiles Lois 3 and 4, particu-
larly in the Brel2-horizon.
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Geochemistry
The geochemical analyses reflect the mineralogy of Lois 4. 
Furthermore, the contents of major and trace elements in the 
horizons Brel1 and Brel2 are in good accordance with their 
corresponding horizons in Lois 3 (Brel2 and Brel3) (Tab. 4). 
As in profile Lois 3, this profile shows no sign of dynamic 
pedogenesis. Comparable to Lois 3 are the elevated Cu-con-
tents in the Ap-horizon and a Zr-enrichment in the entire 
profile, which is a sign of intense weathering processes.
Profile	Lois	5
Soil physical and chemical parameters
The profile Lois 5 is a disturbed profile with backfill mate-
rial (horizon designation Y) of 30 cm on top, which is a ho-
mogeneous mixture of gravel, sand, silt and clay, as in the 
Ap-horizon below (Tab. 1). The underlying fossil horizons 
BrelCv1 and BrelCv2 are mixed with the weathered host 
rock to a large extent, which leads to gravel contents of 43 
and 31 % and sand contents of 30 and 29 %, respectively. The 
silt contents (12 and 18 %) and clay contents (15 and 24 %) are 
significantly lower. The soil texture of profile Lois 5 is sandy 
loam to loam. The pedogenic oxides in the Ap-horizon are 
lower than in the Ap-horizons of the other profiles, which 
lead to the conclusion that material from the lower horizons 
was used for the backfilling (Tab. 2).
Mineralogy
The mineralogical composition of profile Lois 5 is dominat-
ed by quartz, calcite and sheet silicates (Tab. 3). Plagioclase 
and hornblende exist in moderate amounts, and K-feldspar 
only in low amounts. The comparably high contents of horn-
blende in the backfill material and in the Ap-horizon cannot 
be a product of weathering processes, but must be derived 
from wind-blown detrital material.
The clay mineralogical composition of Lois 5 is different 
from the other profiles with respect to the very high smectite 
content. The amphibolite in this profile is more fragmented 
mechanically than the amphibolites in the other profiles and 
is therefore more chemically and mineralogically altered. 
As a consequence, more smectite could form in this profile, 
wheras in the other profiles, the illite still predominates. The 
mineralogy of the backfill material is comparable to the min-
eralogy of the lower horizons. Therefore, it can be conclud-
ed, that it is material from local sources. The low amounts of 
mixed-in construction debris seems to have no effect on the 
mineralogical and geochemical composition of this profile. 
Geochemistry
The distribution of the chemical elements in profile Lois 5 is 
very stable and shows no dynamics (Tab. 4). Even the back-
fill material geochemically corresponds to the soil horizons 
below. Apparently, the backfill material has local sources and 
was only recently applied, since the Cu-content in the Ap-
horizon is still high.
Profile	Lois	6
Soil physical and chemical parameters
The profile Lois 6 is a partially disturbed profile with 250 cm 
backfill material on top (horizons Y and YCv). This material 
is mixed with the weathered host rock as well as construc-
tion debris. Its gravel content is 18 and 26 %; and the sand 
content is 42 and 38 %, respectively (Tab. 1). Silt exists in pro-
portions of 23 and 27 %, whereas clay occurs only in minor 
amounts (13 and 14 %). The horizons below show no signs of 
active pedogenesis and consist nearly entirely of weathered 
host rock (amphibolite and marble). In the Cv-horizons the 
particle size distribution was between 25 and 55 % for gravel; 
33 and 53 % for sand; and minor amounts for silt (9–19 %) 
and clay (2–7 %). The soil texture of Lois 6 is sandy loam to 
loam in the upper part (backfill material), and in the lower 
(Cv-) parts loamy sand to sand. The chemical parameters are 
stable throughout the soil profile, however, a significant en-
richment of Fe-oxides with contents of 6.10 g/kg could be 
found in the backfill material and the uppermost horizon be-
low (Cv1, 40 cm), which is about twice as much than in the 
other horizons (Tab. 2).
Mineralogy
Profile Lois 6 developed on two different host rocks and is 
therefore mineralogically very different compared to the 
other five profiles. One host rock is the ‘Rehberg’-amphibo-
lite, as in profiles Lois 1 and 2; the other host rock is marble, 
which occurs as light pink-grey-auburn layers in the am-
phibolite. These marbles are described in Hödl (1985) as mi-
nor constituents in the ‘Rehberg-Formation’ as well as part 
of the significant amphibolite-marble-body of the ‘Buschan-
dlwandzug’. From this profile, only the marble was sampled 
(rock sample G 6/1). Apart from limestone as main constitu-
ent, diopside, biotite and graphite could be identified as ac-
cessories in the thin section. Mineralogically, profile Lois 6 
is inhomogeneous, which reflects the two very different host 
rocks (Tab. 3). The thick backfill material layer is dominated 
by quartz, followed by plagioclase, sheet silicates and horn-
blende. In the lower part of the backfill layer, the calcite con-
tent increases to 17 %. Starting from horizon Cv1, the calcite 
predominates. The clay mineralogical composition is com-
pletely different to the other profiles. The smectite contents 
reach extreme values of up to 97 % in the Cv4-horizon. Illite 
can only be found in the backfill material in minor amount; 
in the lower horizons it is completely absent. The clay miner-
alogical composition of the lowermost horizon and the back-
fill material is very similar. Therefore, it can be concluded 
that material from the bottom of the vineyard was used for 
the construction of the neighbouring terrace.
Geochemistry
Geochemically, profile Lois 6 is characterized by the two host 
rocks amphibolite and marble with high SiO2- and Ca-values 
(Tab. 4). Additionally, elevated contents of Sr could be found 
in the marble sample as well as in the horizons Cv1 to Cv3. 
The upper layer of the backfill material shows the highest 
contents of Cu, from which it can be concluded that near-
surface material was used for the construction of the back-
fill layers. A plough layer is missing in profile Lois 6, since 
the host rock reaches up to the surface of the outcrop. Only 
the construction of the terrace with the backfill material (250 
cm) makes an agricultural usage of this profile possible.
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Fig. 3 a–g: Results of the soil micromorphological analyses of the horizons 
of profile Lois 7 from the uppermost (a) to the lowermost (g) horizon.
Abb. 3 a–g: Ergebnisse der bodenmikromorphologischen Analyse der Hori-
zonte des Profils Lois 7 vom obersten (a) zum untersten (g) Horizont.
Profile	Lois	7
Profile Lois 7 was sampled by Pavel Havlíček, Oldřich 
Holásek and Michal Vachek. The soil micromorphological 
descriptions were carried out by Libuše Smolíková according 
to Kubiena (1956). The horizons of profile Lois 7 continue on 
the eastern flank in the horizons of profile Lois 3, whereas 
horizon ‘a’ of Lois 7 corresponds to horizon ‘Ap’ in Lois 3; 
horizon ‘b’ to horizon ‘Bh’, horizon ‘c’ to horizon ‘Bt’, horizon 
‘d’ to horizon ‘Brel1’, horizon ‘e’ to horizon ‘Brel2’, horizon ‘f’ 
to horizon ‘Brel3’ and horizon ‘g’ to horizon ‘Brel4’ (Fig. 3). 
The increased clay content of the Luvisol can be observed 
in the soil thin sections of the upper two horizons of Lois 7 
as well. It leads to the formation of numerous loamy concre-
tions with sharp boundaries as well as an angular blocky 
structure and abrupt horizon boundaries in the Ap-horizon 
of Lois 3. Furthermore, stagnic properties could be observed 
in soil micromorphology which confirms the field observa-
tions for the two paleosols Lois 3 and 4. The mineralogical 
results of the micromorphology correspond very well with 
the mineralogy of Lois 3 which was measured with XRD. 
In the horizons ‘b’ and ‘c’ (Bh and Bt in Lois 3) garnet and 
a) The deep yellowish brown to ochre yellow matrix (dry colour: 2,5 YR 
5/6) is peptized. There are many spots, where the brown loam has fluidal 
structures and is highly birefringent. In the dense matrix only few quartz 
crystals can be found in the sand fraction. There are extraordinary big 
brown loam concretions, whereas some of them are broken. Weak stagnic 
properties in the form of Mn-concretions can be found. The entire matrix 
is distinctly layered. The horizontal fissures are empty; there are no calcite 
illuviations. The soil matrix is separated into angular aggregates by these 
fissures. The brown loam is in parautochthonous position.
b) The dark brown, but partially yolk-coloured matrix (dry colour: 5 YR 
4/4) matrix consists of brown loam. The matrix is completely peptized, 
shows typical fluidal structures and a high optical activity. Furthermore, 
it is separated into distinct polyhedrons. Many cracks and fissures are 
present, which are broken very smoothly. The soil material is very fine-
grained and corresponds to a silt with clayey components. The few sand 
grains are dominated by quartz, with rare occurrences of garnet, strongly 
weathered plagioclases and lithic fragments of quartzite. Many concretions 
of brown loam can be found, which show concentrical development. The 
pedogenetical signs in this horizon are very weak.
c) The reddish brown matrix (dry colour: 5 YR 6/4) is peptized with many 
plasmatic schlieren and fluidal structures. Many large brown loam concre-
tions can be found, whereas Mn-concretions outbalance the Fe-concretions. 
Some of the concretions have a concentrical structure. The primary com-
ponents are sandy, their mineralogical composition is diverse: quartz, 
plagioclase (fresh to weathered), orthoclase, mica, augite, amphibole, 
olivine, garnet, lithic fragments of quartzite etc. The structure is both 
primary (dense) and secondary (by pedogenesis) in the form of aggregates. 
The dense structure shows many cracks and fissures; in the aggregates 
many fine and medium pores could be found. There are signs of organism 
activities in the form of spherical aggregates, which have distinct bounda-
ries and which are clearly darker than the surrounding matrix. These 
aggregates are coprolites of the fossil soil biota. The rare Mn-concretions 
sometimes have “explosive” boundaries. Few opal phytholiths can be found. 
The entire matrix is strongly recalcified (amorphous CaCO3-modifications). 
The material of this horizon is brown loam derived from pedogenesis. After 
the formation of the brown loam during pedogenesis (climax stadium), this 
horizon was enriched with allochthonous components and carbonate and 
developed weak stagnic properties.
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g) The reddish brown matrix (dry colour: 7,5 YR 5/8) is peptized. The 
brown loam shows high optical activity and shows fluidal structures. The 
structure is segregated; the matrix is primarily separated in (sub)angular 
polyhedrons. Only in places, granules from the lower parts of the profile 
are incorporated. The primary components are silty and only rarely show 
larger particle sizes. Quartz is the only autochthonous mineral; sometimes, 
allochthonous plagioclase and biotite occur. Cracks and fissures are the 
only voids present; some of them have a horizontal orientation. Abundant 
brown loam concretions and rare Mn-concretions can be found, whereas 
the Mn-concretions are often broken. Weak and irregular recalcification 
features (amorphous CaCO3-modifications) can be observed. This horizon 
is a red loam. Theses soils developed in Central Europe at the border of the 
Lower to Middle Pleistocene for the last time. In the Cromer-Interglacial 
(Günz/Mindel, Pedocomplex X), formerly called “red soils”, such as Terra 
Rossa or Ferreto, developed.
d) The reddish brown and sometimes red matrix (dry colour: 5 YR 7/6) con-
sists of peptized and sometimes flocculated plasma. However, the colouring 
of this horizon is not as uniform as in horizon c; additionally, orange and 
bifrefringent brown loam can be found. This orange loam seams the bound-
aries of the segregates and granules of the matrix as well as some pores. 
The structure of the horizon is very dense; most of the voids are cracks and 
fissures. The primary minerals are granulometrically larger than the min-
erals in horizon c. The sand fraction is dominated by quartz. Weak stagnis 
properties with abundant Mn-concretions can be found. Intense carbonate 
illuviations (amorphous CaCO3-modifications) are present in the entire 
matrix, but also in the form of seams in the pores of the aggregates. This 
horizon is regarded as red loam, which is strongly polygenetic. 
e) This horizon shows irregular colouring from brownish red to reddish 
brown (dry colour: 5 YR 6/8). It consists of peptized and to a minor extent 
flocculated plasma. Both aggregate and granular structure can be found. 
Therefore, two different void structures are present. The sediment is silty, 
whereas sandy crystals of quartz, sometimes garnet, augite and fresh 
plagioclase occur. In this horizon, neither brown loam concretions nor 
carbonate illuviations can be observed. This horizon is red loam, which was 
enriched with allochthonous components at a later stage. This horizon cor-
responds to the Pedocomplex X (Günz/Mindel, Cromer) or older.
f) The brown and primarily flocculated matrix (dry colour: 10 YR 7/4) is 
concentrated in granules. Furthermore, the matrix contains orange and 
peptized material as well as loess. Some of these components are seamed 
with orange brown loam, which is a sign of lessivation. Mn-seams are 
often developed on the outer boundaries of the orange seams.. The matrix 
is very dense and shows no typical structure. The substrate is poorly sorted 
and corresponds to a silt, whereas quartz crystals predominate. This mixed 
matrix, abundant brown loam concretions as well as Mn-concretions with 
“explosive” boundaries can be found. This horizon contains intense carbon-
ate illuviations in the wide voids. The Mn-seams contain one generation of 
large calcite rhombohedrons, which fill all the remaining voids. Further-
more, abundant carbonate-“nests” can be found. In places, small, red co-
progeneous elements of recent acarides (Acari) can be observed. The brown 
loam is friable, sandy and highly polygenetic. The deposition of the sedi-
ments was followed by a new sedimentation cycle of loess and lessivation. 
Weak stagnic properties and abundant carbonate illuvations can be found. 
Such extraordinarily complex polygenetical soils have only been reported 
from the Pedocomplex X (Günz/Mindel, Cromer) or older up to now.
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olivine could be identified in the soil thin section. The pre-
dominance of quartz in the entire profile and the occurrence 
of calcite in the form of calcite illuviation are in accordance 
with the results of Lois 3. In addition to the results of Lois 
3, the results of the soil micromorphology showed that cal-
cite does not only occur in the aggregates, but also as cutans 
in the pores (see Fig. 3, d). The colour descriptions in the 
soil thin sections of Lois 7 confirm the results of Lois 3 with 
respect to the increasing reddening from the upper to the 
lower part of the profile. However, the colour in the soil thin 
sections was described with a more yellowish hue than in 
the field analysis of the soil colour. 
The red loams in the paleosols allow for an approximate 
age classification of these soils, since red loams were formed 
for the last time at the border between Lower and Middle 
Pleistocene. The investigations furthermore showed that the 
red loam horizons are strongly polygenetic, which empha-
sizes their classification into Pedocomplex X, Cromer Inter-
glacial.
4  Summary and discussion
NW of Langenlois (Lower Austria) in an outcrop of loess-
paleosol-sequences developed on ‚Rehberg‘-amphibolite, 
six soil profiles (Lois 1 to 6) were investigated and sampled. 
Two soil profiles (Lois 1 and 2) developed on the ‘Rehberg’-
amphibolite; two on the amphibolites-marble-body of the 
‘Buschandlwandzug’ (Lois 5 and 6); and two soil profiles are 
sequences of polycyclic paleosols with several fossil horizons 
without visible host rock (Lois 3 and 4). Profile Lois 7 was 
sampled separately and described thoroughly with regard 
to soil micromorphology. Parallels between Lois 7 and the 
other soil profiles, particularly with the neighbouring Lois 3, 
were observed. 
The mineralogical composition of the profiles Lois 1 and 
2, which developed on amphibolite, is dominated by quartz, 
calcite, hornblende and sheet silicates; the clay mineralogi-
cal composition by smectite and illite with minor amounts of 
chlorite and kaolinite. The two paleosols Lois 3 and 4 consist 
nearly entirely of quartz and sheet silicates. The dominance 
of sheet silicates results in extremely high clay contents in 
these two profiles. Calcite could only be found in minor 
amounts in Lois 3 and 4. Together with the high contents of 
kaolinite in the clay fraction, this emphasizes the long and 
intense weathering processes these sediments have under-
gone. The profiles 1–4 and 7 show decalcification in the up-
per parts of the profiles and illuviation of secondary carbon-
ate in the lower parts. The carbonates precipitate mainly on 
the edges of the aggregates as well as within the aggregates 
(Lois 3, 4, and 7) or cover whole horizons and the host rock 
(Lois 1 and 2) with a thick, purely white crust. The profiles 
Lois 5 and 6 are characterized by the two very different host 
rocks amphibolite and marble; subsequently, the mineralogy 
of these two profiles is dominated by quartz, plagioclase, cal-
cite, and sheet silicates. The clay fractions in both profiles 
contain partially extreme amounts of smectite (up to 97 %); 
illite occurs in minor amounts. The high smectite contents 
cannot be a product of amphibolite weathering alone, since 
the amphibolite is rather fresh. It is likely that the smectite 
is derived from pre-weathered material, e.g. Middle Pleis-
tocene (‘Badenium’) sediments.
Noteworthy in the profiles 1–4 and 7 is the intense illu-
viation of secondary carbonate. The calcite covers the solum 
as well as the host rock amphibolite as a thick, purely white 
crust. The calcite crust is only present at the surface of the 
amphibolites and easy to remove by hand. In the profiles 
Lois 3, 4 and 7 the secondary carbonates can be found on the 
surface of the aggregates as well as in the pores of the aggre-
gates. Such high amounts of carbonate cannot be a product 
of recent pedogenetical processes. Apparently, the carbon-
ate was infiltrated from carbonate-rich sediments (loess) for-
merly on top of the profile which are now eroded. Further-
more, a calc-sinter layer was found in profile Lois 2. This 
calc-sinter could be derived from the marble layers which 
can be found on the western flank of the outcrop (Lois 5 and 
6). The outcrop slightly declines from the western towards 
the northern and eastern flank. It is possible that calcite-rich 
solution mobilised during the weathering of the marble ran 
off laterally and precipitated in the profiles on the northern 
(Lois 1, 2 and 7) and eastern (Lois 3 and 4) flank. However, 
it is more likely that both processes – decalcification of for-
merly superimposed loess and precipitation from calcite-rich 
weathering solutions from marble – led to the intense calcite 
illuviation. The calc-sinter layer apparently seals the mate-
rial flows between rock and solum. This hypothesis is sup-
ported by the results from the geochemical analyses.
The geochemical analyses showed that the amphibolites 
are enriched in Ba, Cr, Cu, Ni and Sr, which corresponds very 
well with the reported values of the ‘Rehberg’-amphibolite 
(loc. typ.) (Hödl 1985). However, as discussed above, the 
amphibolites have only limited influence on the soil param-
eters, mineralogy and geochemistry within profiles Lois 1 
and 2. The geochemical distributions in profiles Lois 3 and 
4 are very stable. All four soil profiles from Lois 1 to Lois 
4 show similar geochemical compositions. Elevated Zr-con-
tents could be found in the two paleosol profiles Lois 3 and 4 
which is characteristic for intensively weathered sediments. 
The soil profiles Lois 5 and 6 are also geochemically stable 
and influenced by the host rocks amphibolite and marble. 
The rocks of Lois 1, 2, 5, and 6 are only slightly weathered; 
therefore, there was no enrichment of chemical elements in 
the soil profiles. All soil profiles have elevated contents of 
Cu in the plough layer (Ap), which is due to phytosanitary 
measures in viniculture.
The soil profiles in the ‘Red Outcrop’ of Langenlois are 
relatively static profiles without significant recent pedoge-
netical processes. The agricultural use of the soils with ac-
companying tillage stimulates the pedogenesis to a small 
degree by mixing and aerating the upper soil layers which 
favours mainly lessivation, the only pedogenetical process 
active at present. In the paleosols, older signs of lessivation 
could be observed in the form of clay cutans on the edges 
of the aggregates and, additionally, weak stagnic proper-
ties. The profiles with no visible host rock (Lois 3, 4 and 7) 
are sequences of polycyclic sedimentation and subsequently 
several generations of fossil horizons. According to the soil 
micromorphological analyses, the soils of the ‘Red Outcrop’ 
can be classified into the Lower to Middle Pleistocene.
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